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iBSTRACT 


A Local Area Network consists of a variety of sub system such as the physical 
media, host computer interfaces for the LAN, a medium access control mechanism 
and others. Whenever a LAN such as Ethernet needs to be extended beyond the 
limits of a physical medium such as a coaxial cable, due to signal attenuation and 
distortion, the job is done by sub systems such as Repeaters, Bridges or Routers. 

The repeater is a physical layer device which amplifies and retimes the 
signal from one side of the network to another within the acceptable delay. In 
this work, the design and successful implementation of a Repeater conforming to 
IEEE 802.3 Ethernet standards is described. The actual implementation details are 
described after a presentation of an overview of the Ethernet standard. The 
hardware has been fabricated in wirewrap form using fast TTl MSI ICs and FIFOs. 
The performance measurements of the Repeater were carried out on a LAN test- 
bed. The results show that the Repeater has almost no error and conforms to the 
standards. 



Chapter 1 


INTRODUCTION 

1.1 COMPUTER NETWORKS 

When a large number of identical or different computers are interconnected ari 
communicate information with each other, it is known as "COMPUTER NETWORK 
Logically a network can be in one room or in one building or in one institution o 
in one city or in one country or around the globe itself. Depending upon the nee 
for the network it is partitioned in different terms such as 

1. Local area network LAN This spans a few kms 

2. Metropoliton area network MAN This spans IDs of kms 

3. Wide area network WAN This spans across a geographical region 

Typical services rendered by a computer network are 

1. Remote log-in 

2. File transfer 

3. Electronic mail 

4. Directory services 

Some networks are also used for real time distributed applications 
such as industrial process control and defence application. 
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In a LAN, it is not always possible to accomodate all systems in one segment. 
One way to increase the span is to use more than one segment and interconnect 
them using REPEATERS, BRIDGES or ROUTERS. 

A repeater is a physical layer device. It receives, amplifies. and 
retransmits signals in one or both directions as needed. Thereby it compansates 
for distortion, cable losses and timing jitters. A bidirectional repeater 
connecting two ethernet segments is shown in fig. l.i. 

A bridge is a type of product that links different local area networks 
enabling users on the one network to use all the resources available on the other. 

A router is a machine in a large network that reads the destination of a 
message and selects the best route. 

An introduction to computer network can be found in til. In this work, the 
design and implementation of a repeater conforming to IEEE 802.3 Ethernet 
standards is described. 


1.2 ST Am ARDS FOR NETmRKS 

The INTERNATIONAL STANDARD ORGANISATION [ISO! developed an OSI [OPEN SYSTEM 
INTERCONNECTION] reference model as a frame work to describe the functional 
architecture of networks. 


1.2.1 Open System Interconnection (OSI) 

The OSI reference model consists of seven layers as follows: 
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L2..L.L PHYSICAL LAYER 

The physical layer describes the physical media over which the bit stream is 
transmitted. Such specifics as type of cable (Coxial, twisted pair etc) signal 
levels, bit rate, connectors to be used etc are described in the physical layer 
specification. In short, it describes the actual physical media over which the bit 
stream is transmitted and the method of transmissions. 

L2.i.2. DATA LINK LAYER 

The data link layer describes the rules for transmitting on the physical media. 
Such items as the format of the information (or frame) and procedures for 
obtaining control of the physical media (refered to as the media access methods) 
transmitting the frame and releasing the physical media, error detection, ARQ and 
frame sequencing are described in the data link layer. 

12.13 NETWORK LAYER 

The network layer governs the switching and routing of information between and 
inside the networks. Because all station to station comunication within a single 
local area network is point to point, the network layer is not necessary for a 
single LAN system. 

12.1.4 TRANSPORT LAYER 

The transport layer assures end to end integrity and provides for the required 
quality of service for exchanged information. End to end acknowledgements of 
succesful message receptions and different connection type are performed by the 


transport service, for example. 
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12.1.5 SESSION LAYER 

The session layer manages the requesting and deleting of virtual cirouit 
connection services provided by the transport layer. This is also responsible for 
the mapping of logical names to network addresses. 

12.1.6 PRESENTATION LAYER 

The presentation layer provides for any neccesary translation, format conversion 
or code conversion to put the information into a recognisable form. 

12.1.7 APPLICATION LAYER 

The application layer directly serves the comunicating end user application 
process by providing the distributed information service appropriate to the 
application and its management. Network services such as file server, electronic 
mail or virtual terminal protocols are provided by the application layer. 

By implementing a particular physical and data link specification, equipments 
from multiple vendors can be physically and electrically connected .The physical 
and data link layer of the OSI model assure inter-connectivity. The remaining five 
layers of the OSI model assure inter operation among the interconnected stations 
in an open network 

1.2.2 IEEE 802 Series 

IEEE has issued a series of network standards. These standards specify several 
popular networks upto the data link layer. The different IEEE 802 standards which 
include CSMA/CD, Token bus. Token ring etc, are as follows: 
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IEEE 802. i 

IEEE 802.2 
IEEE 802.3 
IEEE 802.4 
IEEE 802.5 
IEEE 802.6 
IEEE 802.7 


Relationship among the 802 series standards and the OSI 

reference model 

Logical Link Control Standard 

CSMA/CD based LAN (ETHERNET) 

Token Bus Network 
Token Ring Network 

Dual Queue Dual Bus Broadband Fibre Network (DQDB) 
Fibre Distributed Data Interface Broadband Network (FDDI) 


Only the IEEE 802.3, commonly called as Ethernet will be refered to in the 
rest of this work .The Ethernet is a coaxial cable based Bus network. It carries 
typically 10 MBPS of data in packetised form from one user at a time using a 
CSMA/CD/BB protocol. 


1.3 IEEE 802.3 STANDARD 

1.3.1 Physical Layer of Ethernet 

This IEEE Standard is organised along architectural lines, emphasizing the large 
scale separation of the system into two parts: the Media Access Control (MAC) 
sublayer of the Data Link Layer (DLL), and the Physical Layer. These layers are 
intended to correspond closely to the lowest layers of the ISO model for Open 
System Interconnection (OSI) as shown in fig 1.2. The Logic Link Control (LLC) 
sublayer and MAC sublayer together encompass the functions intended for the Data 
Link Layer (DLL) as defined in C33. 
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A small amount of circuitory will exist in the Medium Attachment Unit (MAU) 
directly adjacent to the coaxial cable, while the majority of the hardware as well 
as all of the software will be placed within the user node or station. The MDI 
and AUI are two different interfaces for the requirement of sublayers as shown. 
The MAU will be discussed in detail in chapter 2. 

The interface between the MAC sublayer and the Physical Layer includes 
signal for framing (carrier sense, transmit initiation) and collision detect, faciliti- 
es for passing a pair of serial bit streams (transmit, receive) between the two 
layers and a wait function for timing. Whereas the interface between the MAC and 
the LLC sublayers includes facilities for transmitting and receiving frames. 

The physical connection between the coaxial cable and the user node is 
through MAU and connecting transceiver cables as shown in fig 1.3. The 
transceiver cable has a maximum length of 50 meter whereas the coaxial segment 
spans to a maximum length of 500 meters due to inherent losses in long cables. 
The coaxial cable (basic Ethernet cable) is tapped in multiples of 5 meters 
distance along it for the use of user nodes. Standards also specifies the 
methodology to install large networks spanning upto 2.5 kms using upto 500 meter 
segment interconnected by Repeaters. For example a large network may have the 
structure shown in fig 1.4. Repeaters are connected to coaxial cables through 
MAUs (Medium Attachment Unit). A repeater is a dumb unit which just copies bits 
blindly without understanding what they are doing. It just forwards bits from one 
network to another making two networks look logically like one network . Networks 
are often split in to two pieces due to maximum cable length restriction on the 
individual pieces which is approximately 500 meters. The standard also provides 
specifications for input/output behavior of the repeater. More detailed 
description of the network and the repeater are given in chapter 2 and 3. 




PHYSICAL STRUCTURE 



local area NETWORKS: 
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The signal on the cable is a straight binary transmission <+i.32 v for i bit 
and -0.25 v for a 0 bit) of the Manchester encoded data stream from the DLL. With 
Manchester encoding, each bit period is divided in two equal intervals. A binary 1 
bit is sent by having the voltage be high during the first interval and low in the 
second one. A binary 0 bit is reverse of it i.e., first low and then high. This 
scheme ensures that every bit period has a transition in the middle, making it easy 
for the receiver to synchronise with the sender. 


1 . 3.2 M&dia Access Control 

Sharing of the medium is achieved through Media Mcoess Control MAC C2]. The MAC 
protocol specify some systematic methods by which different nodes are allocated 
access to the communication media. In Ethernet LAN the MAC protocol is the 
Carrier Sense Multiple Access with Collision Detection and Binary Backoff i.e., 
CSMA\CD\BB. In this scheme a node listens to the cable or medium to find out 
whether other nodes are transmitting. This is known as carrier sensing. When a 
node detects an idle period and it has a packet to send, it initiates packet 
transmission. Thus any node can have the access to the medium hence called 
multiple access. While transmitting it also listens to the cable to find out whether 
a collision of the packet has taken place, if at the same time some other node also 
transmitts on the cable getting the idle state. MAU detects the collision and it 
sends a collision report to the host to reschedule the transmission. Some 
algorithm is used for retransmission known as Binary Exponential Backoff. The 
part of collision detection is done by MAU whereas the part of CSMA and BB is by 
the LAN controller which is available in the user node i.e., LLC, 
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1.3.3 Ethernet Packet Structure 

The data in the form of one packet is formed as follows: 


FIELD 

No. OF BYTES 

1 . . . - - - - - - \ 

PREAMBLE BITS 

(7) 

SFD 

(1) 

DESTINATION ADDRESS 

(6) 

SOURCE ADDRESS 

(6) 

TYPE FIELD 

(2) 

INFORMATION FIELD 

(0-1518) 

PAD 

(If applicable) 

CRC 

(4) 

EFD 


Fig 1.5 


Preamble bits: These are continuous bits of lOiOiOiOi... for 56 times. This gives 
the system a notion that some transmission is going to begin on the ETHERNET and 
after this the ethernet will be busy. This is also required for synchronisation 
purposes. 

SFD: This is 8 bits Start Frame Delimeter constituting iOlOlOll, which makes the 
controller to understand that now the actual data is pouring in and processing 
must start as soon as the last two consecutive ones(ls) is received. 

Destination Address (DA): It gives the address of the station for which the 
information is intended to. As the transmission is heard by all the user on the 
network, the destination address only will actuate the specific user to receive it . 
If the D A is all 'i' then it is called a broadcast packet and all users will accept 
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the information. If it is for a group of users then named as multicast. This has a 
length of 48 bits. 

Source Address: It gives the address of the sender's computer. This also has a 
length of 48 bits. 

Type Field: It has a length of 16 bits and gives the type of the message such as 
IP, ARP, SNMP etc 

Information Field: It gives the full contents to be sent. This varries from 46 
bytes to 1500 bytes. Depending upon this field the size of the packet is measured. 
PAD: This field is a sequence of octets which are added at the end of information 
field to increase the packet size to a minimum of 64 bytes if the information size 
is small. This works like a pad. 

CRC: It is known as check sum or cyclic redundancy check. It is a 32 bits hash 
code of data and used as parity checker for the full text of information. 

EFD: It is End Frame Delimeter giving the idea of end of frame indicated by the 
lack of signal after transmitting the last bit of CRC. 

The minimum and maximum frame size limits of 64 bytes and 1518 bytes 
respectively refer to the portion of the frame from Destination address to CRC 
field, inclusive. 

The basic ethernet is called as thicknet or 10 base 5. This stands for a 
LAN operating at 10 MBPS and spanning 500 meters without repeaters. There are 
two more variations of Ethernet described in the supplement to the standards. 
One is 10 base 2 opearting at 10 MBPS and spans to 200 meters. The other one is 
10 base T operating at 10 MBPS using twisted pair cables. 
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1.4 OUTLINE OF THE REST OF THE THESIS 

Chapter 2 begins with the media and transceiver units as well as transceiver 
cables. It also deals with collision detection part in it. 

Chapter 3 deals with the design considerations and the required components 
towards the implementation of repeater. It also conforms to the IEEE 802.3 
standards requirements. 

Chapter 4 stretches the design to hardware details and the explanations of 
all blocks including the timing diagrams. 

Chapter 5 gives the test results and the performance of the fabricated 
repeater as well as the behavior on the main network. It also gives the concluding 
part and the ideas of futuristic developments concerning the repeater. 



Chapter 2 


MAU AND TRANSCEIVER FUNCTIONS 

2.1 MAU (MEDIUM ATTACHMENT UNIT) 

As shown in the fig 1.1 the connection of a host to the Ethernet is made through 
Medium Attachment Unit. In the network the packets travels on the coaxial cable. 
The user computer taps the data from the cable with the help of transceivers at a 
gap of minimum 2.5 meters along the cable and four pair transceiver cables. The 
transceiver taps the data from the cable and makes it to go to the RCV pair of 
transceiver cable which feeds to the user station. When the user tries to send 

the data it sends on to the TRMT pair of transceiver cable which then again 

« 

passes on through transceiver unit to the coxial cable. In case of collision the 
collision detect signal is passed to the user node on the CLSN pair of the cable. 
Transceiver units clamp securely to the coaxial cable and the transceiver cable 
connects the user computer to it. The transceiver cable has a maximum length of 
50 meters. The whole configuration is termed as Medium Attachment Unit (MAU) and 
has been shown in fig .2.1. The transceiver unit will be discussed in section 2.2 of 
this chapter. 

The output of transceiver unit is connected to transceiver cable through 
pulse transformers. The transformer provides the isolation required between the 
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transceiver cable and the coaxial cable. +12 volt dc is supplied to the Isolation 
Power Supply for 5 volt and 15 volt supplies required by the MAU. 

The 4 pair cable serves the following purposes: 


1. 

TRMT 

For transmission 

2. 

RCV 

For reception 

3. 

CLSN 

For collision 

4. 

Power 

For +12 volt dc supply 


The MAU has the following functions: 

1. It supports message traffic at 10 MBPS. 

2. It provides a length of 50 meter towards repeater from coxial cable. 

3. It supports in handling collission detection. 

4. It supports in making the right path for transmission and reception. 

5. It provides a self test for collision detection circuitory by means of SQE 
test. 

6. It permits the data terminal equipment to test the medium. 

7. It has the ability to automatically interupt the transmit function and inhibit 
an abnormally long output data stream known as jabber function. 

2.2 TRAUSCEIVERS 

2.2.1 D&scHption 

The transceiver unit is an integral part of MAU as well as of Repeater . This 
forwards the Manchester coded data to the station or to the coaxial cable. The 
diagram of the internal blocks of the transceiver unit is shown in fig. 2.2. The 
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CXTD is the signal transmitted from the station to the cable and CXRD is the 
received data from the cable to be forwarded to the user station oonneoted to it 
This has the following portions of operations: 

1. Receives signal from the station and sends out to the medium. 

2. Receives signal from the medium and sends out to the station. 

3. Detects collision and warns the station. 

4. Protects the medium from an extra ordinary long message known as Jabber 
Function. 

2 . 2.2 Operation 

22.1.1 TRANSMISSIGN 

When the manchester encoded data reaches on to TRMT pair from a user computer 
it goes out to the CXTD of the transceiver after the noise filtering and proper 
waveshape formation. Due to the proper biasing at coxial cable end the data is 
passed over to cable and at the same time is received back on the CXRD. So the 
data being transmitted is received back to have a sense of check. In case of 
heart beat check the system works in a loop back mode for testing. 

22.1.2 RECEPTION 

The data which is flowing in manchester encoded form on the coxial cable is 
received on CXRD as well as if transmitted from the CXTD. The received data is 
passed through filter and receive pair driver to be out put through RCV pair on 
to the RCV pair of transceiver cable. 
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ZZ±3 COLJJSION DETECTION 

If two stations or users have transmitted data on coxial cable simultaneously, then 
both will reach cn CXRD and the increase in current level will be sensed in the 
collision threshold sensor. This will cause a 10 MHz oscillator output on CLSN 
pair of transceiver cable causing a collision detect signal. It is also known as 
"JAM" signal as it jams the network for a while and all user stops transmission on 
the media and waits for a random period of time before retrying. 

Similarly if a data has been transmitted from CXTD on to the coxial cable, 
then it is also received back on CXRD as feed back. So if another station starts 
transmitting at the same time it will also reach on the CXRD and again oollission 
threshold sensor will sense an increase in current level causing a oollission 
detect signal output on CLSN pair of transceiver cable. There is a provision 
known as Signal Quality Error (SQE) or Heart Beat Disable (HBD) test in the 
transceiver that if HBD input is strapped low, then the self test feature of the 
transceiver is enabled. If it is enabled then at the end of each packet 
transmission, a local collision test signal of 10 MHz is generated for 0.5 to 1.5 
Usee period i,e. 5 to 15 pulses of 10 MHz clock. This tests the health of the 
collision detection circuitory of the transceiver unit. If HBD input is pulled high 
then this test is disabled. This HBD test signal also goes to the user stations on 
the CLSN pair of transceiver cable. This is usually discarded by the LAN 
controller as a test signal. 

2.2.1.4 JABBER FUNCTION 

The watch dog timer start operating as soon as the CXTD becomes active. So if 
the packet is lasting for more than 25 ms the MAU stops the transmission to the 
media. Generally the maximum duration of one packet is approximately 1.25 ms. 



Chapter 3 


REPEATER 


3.2 INTRODUCTION 

The repeater unit is used to extend the network length and topology. It 
interconnects two segments of Ethernet at the Physical Layer level. Several 
Repeaters can connect several Ethernets to make a large network, but a maximum 
span of 2.5 kms can only be acheived between two communicating nodes. The end to 
end connection of the segments can be configured as shown in fig 3.1. 

The functions of the repeater can be appreciated as follows: 

1. That whenever any node A1 transmits a packet on one segment, the repeater 
picks it up and retransmits to another segment with a minimal delay. 

2. That if two nodes on two different segments transmit almost at the same 
instant, the collision occurs at the repeater. Then as per the CSMAXCD 
protocol the repeater must report this as a collision to both the segments. 

This chapter describes the various specifications and design considerations 
of an Ethernet Repeater. The properties of a repeater are as follows; 

1. It supports message traffic at 10 MBPS. 

2 . It provides for driving upto 500 meters of coaxial cable . 

3. This should not incurr a delay of more than 7.5 bit time i,e. 0.75 flsec in 
taking the signal from one end of repeater to another. 



as, 



Fie 5.1 
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To achieve this the repeater must support various functional requirements as 
follows; 


3.2 SIGNAL REGENERATION 

3.2.1 Signla Amplification 

The repeater set shall ensure that the amplitude characteristics of the signals at 
output of the repeater are within the tolerance of the specification for medium 
attachment unit output. Therefore loss of signal due to cable loss and noise 
pickup is restored at the output of the repeater. 

3.2.2 Signal Symmetry 

The repeater shall ensure that the symmetry characteristic of the signals at the 
MAU outputs of the repeater set are within the tolerance of the specification for 
MAU output. Therefore any loss of symmetry due to MAUs and cable distortion is 
regained at the output of the repeater. 


3.2.3 Signal Retiming 

The repeater unit shall ensure that the encoded data out put from the repeater 
unit is within the jitter tolerance of a transmitting DTE(Data terminal equipment). 


Therefore jitter can not accumulate over multiple segments. 
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3 . 2.4 Carrier Sense and Data Repeat 

The repeater set shall implement the carrier sense function for both the cables to 
which it is connected. Upon detection of carrier from one segment, the repeater 
set shall repeat all received signals from that segment on to the other segment 


3 . 2.5 Preamble Insertion 

The repeater unit shall output atleast 56 bits of preamble followed by the start 
frame delimiter. As due to the loss of first few bits in each repeater may cause a 
total loss of preamble bits after passing through many repeaters. So preamble 
bits are made up in each repeaters. 

3 . 2.6 Data Propagation Delays 

The data propagation delay for a repeater unit is complicated by the bit insertion 
requirement. The data propagation delay is specified in terms of the first bit in 
to the first bit out and the last bit in to the last bit out, which are 7.5 bit times 
and 9 bit times respectively. 

3 . 2.7 Fragment Extension 

If the signal being repeated is less than 96 bits in length including preamble, the 
repeater shall extend the signal with artificial data (generated by the repeater 
unit) so that the total number of bits output from the repeater unit shall equal 
96. The data sent to perform the extension may have any value except the 
occurence of the SFD. Our implemented repeater sends out a sequence of 
iOlOlO... as artificial data. 
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3.2.8 Collision Related Functions 

This is one of the most basic function of the Ethernet repeater to ensure reliable 
operation of the CSMA\CD protocol. There are many conditions associated with 
this .Their functions are described in next section. 

The entire description of collision detection and jam generation is available 
in the state diagram shown in fig 3.2. The collision is detected in MAU and MAU 
sends a collision signal to the repeater. In an ideal case the network is idle and 
the packet of data coming from side i is repeated to side 2 and at the end of 
packet transfer it goes to idle state .If the packet is of less than 96 bits time 
duration then a sequence of some bits are sent to other side for 96 times and at 
the end of it, it comes to the idle state. If a collision is sensed at one side then 
jam signal is sent to both the sides for 96 bit time period. After the jam signal it 
again goes to idle state. 


3.3 COLLISION DETECTION AND JAM GENERATION 

3.3.1 Collision Presence 

The repeater set shall implement the collision presence function for both segments 
to which it is connected. So whenever, a collision signal is received at one side it 
gives a collision detect signal indicating the presence of collision. 

3.3.2 Jam Generation 

If collision is detected on the side to which the repeater set is transmitting, the 
repeater set shall transmit a jam signal to both of the segments to which it is 
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connected. The jam signal shall be transmitted in accordance with the repeater 
unit "state diagram in fig 3.2. 


3.3.3 Collision ~ Jam Propagation Delays 

The collision propagation delay is the period of time between the assertion 

of the collision detect signal and the first bit of jam output which is ^6.5 bit 

times. 


3.4 DESIGN CONSIDERATIONS 

The design of the repeater was considered on the following lines •• 

1. As soon as data is received at the input it is repeated to other side 
for onward transmission as soon as possible. 

2. In case a packet of size less than 96 bits is received then a sequence 
of lOiOiO... is added to it to make it 96 bit packet and transmitted. 

3. If a colision signal is received at input then the repeater should send 
some information to both sides of the network which has no validity known as 
JAM signal and the network is kept busy. In this repeater a sequence of 
iOiOlO... is sent as jam signal for 96 bit time. 

4. There is a chance of a data to be received at one end of repeater 
when the other end is also busy in getting data and repeating it. This should 
be taken as a collision and both sides should again gel some jam signal. 


The whole thing is shown in the flow chart as shown in fig. 3,3 
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5. The repeater should not be connected to a transceiver which has the 
SQE parameter enabled. Due to enabled SQE the repeater will get a local 
collision test signal for 0,5 Msec to i.5 Msec causing a generation of 
collision signal through the repeater to both ends. So SQE of the 
transceiver must be disabled if a repeater is connected to the transceiver. 

An Overview: The first and foremost criterion in the design was to convert the 
manchester encoded data into NRZ form for proper handling at TTL level. Which 
goes through the noise filteration too and also gets amplified. The correct 
integrated chip for this was selected as 82C50i ETHERNET SERIAL INTERFACE (ESI) 
Chip C53. Which has the following important functions: 

1. Conforms to IEEE 802.3 iO BASE 5 Standards. 

2. 10 MBPS operation. 

3. Manchester encoding /decoding and noise filtering. 

4. 10 MHz clock generator. 

5. It replaces several MSI components. 

6 . As soon as data is received to this chip it gives a carrier sense signal. 
Which can be used to trigger different control circuits in the repeater unit. 

7. On reception of 10 MHz clock at CLSN pair it gives a collision detect 
signal. 

On the basis of this ESI chip the further developement was taken up in the form of 
the following blocks: 

1. Signal amplification, Retiming and Data repeat. 

2. Preamble insertion. 

3. Collision and jam signal generation. 


4. Fragment extension 



CH>«»T£II 3-- HEFEATEH 


30 


3.4.1 Signal Amplification Retiming and Data Repeat 

3.4.1.1 BEHAVIOR OF E S I 

Output of E S I chip which i« in N R Z form aft*?r th« nois« filteration ha* to b« 
decoded in Manchester form to travel on the next leg of coxial cable. So the 
other side of the repeater should also have an E S I chip which will do this Job. 
For this the NRZ formed data must be in synchronisation with the TXC clock of the 
ESI chip of the other end. 

When the data is received at the RCV pair of the ESI chip it gives a carrier 
sense signal by active low CRS. Then it takes around 1400 n sec time to give out 
RXC clock recovered from the received data and data out RXD which is in NRZ 
form. The RXC and RXD are in synchronisation. It is shown in fig 3.4. The RXD is 
stable for minimum of 45 n sec at the negative going edge of RXC. As from the 
last paragraph the data out should be stable and in synchronisation with TXC of 
ESI at the other end, but the RXC and TXC are not in synchronisation. So it is not 
possible to directly use the same data RXD with TXC. So some method was thought 
of that if received data is stored in a place with clock RXC as write pulse which 
can be read by any other clock ie, TXC as read pulse which is not in 
synchronisation with RXC. For this different type of memory chips were tried out 
but the problem of addressing was faced. Even normal FIFO chips did not work out 
due to two different addressing device requirement. 

3.4.12 SELECTION CF FIFO 

Addressing techniques for reading and writing the same memory separately caused 
lot of delays and circuit also became cumbersome consisting of number of 
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components. To avoid this MK45H02 CHMOS FIFO of Thompson CSF was used. This 
FIFO is i K bit depth and 9 bit wide for parrellel data operation but as repeater 
requirement is a serial data in /out so only one bit of it was used. This FIFO has 
the asynchronous and simultaneous write and read operation. The latency of 
retrieval of data is approximately one write cycle. This chip can go for 28 MHz 
operation. Though this chip can be cascaded for increasing depth and width but 
only one chip served the purpose. As the data is simultaneously written and read 
it can keep on writing and reading by going to zeroeth location after it has 
reached to the end of depth every time. At each 1024 clock cycles it starts from 
zeroeth location. 

If data is not read at all then the writting stops and there is no over 
writting in the memory locations. Similarly if the latency of reading and writing 
is less than one clock cycle then reading stops to give a margin between reading 
and writing locations causing a random data insertion for one clock pulse. 

3.4.13 OUTPUT PHILOSOPHY 

The data read from FIFO is then passed through shift register which then taken 
out to a MUX. The idea of shift register is two folds: 

1. Encounter the effect of tristateness of FIFO output. 

2. To get in phase and out of phase data out of FIFO to be compared with 

generated preamble bits. 

The correctly selected data is made to follow the preamble bits after 20 
cycles of activity at the input of repeater. 

The data which is now read as well as shifted with the help of TXC clock is 
in synchronisation with it. So to get the correct synchronisation of data out and 
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TXC clock, the data out was passed through a delay circuit to get a delay of about 
25 n sec. The delay circuit is shown in fig. 3.5. 


3.4.2 Preamble Bit Insertion 

3A2A PREAMBLE BIT GENERATION 

As soon as data is received in the ESI chip CRS ie, carrier sense signal goes low 
after 100 n sec. Then after 1400 n sec it gives RXC clock and data RXD. During 
this 1400 n sec or 14 clock cycles the first 12 to 14 bits of data are lost which 
are nothing but a sequence of 10101010... as preamble bits. So there is a need in 
the repeater to get these bits generated and passed to output first and then the 
actual data should follow In any case the total preamble bits out from repeater 
should be equal to or more than 56 bits. So the first 20 bits of 1010... generated 
in preamble generator were passed through output MUX to output ESI and then the 
main data was selected to pass over. 

3.42JZ BUDGETING FOR DATA READ 

Proper care should be taken to read the data from FIFO at a particular moment of 
time. For this the following calculation was made: 

As per IEEE 802.3 standard the clock must be of lOMHz ±0.01%. So in worst 
case these two clocks RXC and TXC will have a maximum difference of 0.02 % 
creating a shift of one clock cycle slip in 5000 cycles. Which is around 600 bytes 
of data. So there is a chance of slip of one cycle in these two clocks after 600 
bytes of data transfer in worst case. So taking the maximum frame size of 1518 
bytes there will be atmost three cycles slip in worst case. At the same time the 
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latency for read and write is one clock cycle for FIFO so total of four clock 
cycles slip is possible to occur. If the error is more but in limit then chances of 
more cycles slip is also possible. Hence an aggreement was made that the read 
clock of FIFO lags by four cycles to write clock in the begining. So even if there 
is a positive slip the read address will not catch the write address at the end of 
full sized frame transfer or in case of negative slip will not give a gap of more 
than 7 addresses between read and write address. This satisfies the IEEE 
standard which states that the maximum in /out delay should be 7.5 bits of time at 
the begining and 9 bits of time at the end of frame transfer. To achieve this when 
the CRS siganal goes low, was first given a shift of four in the shift register 
(74F164) and output was muxed with 8 clock shift of the same. The 8 clock shift 
was taken into account to give sufficient time for reading of data and whole 
system to get reset after the end of frame. As at the end of data CRS goes high 
and hence after 8 cycles delay the same signal is used as reset pulse to all 
concerned chips known as SYSCRS. 

3.42.3 CONTROL SIGNALS 

The CRS when goes low after a delay of 4 cycles starts outputing a counter. At 
the count one the preamble generation starts and goes as input to the MUX and 
then to output ESI. 

As almost at 13 cycles of RXC delay from CRS activation the RXD data 
starts pouring in to the FIFO, so on the count of 13 the read pulse ie, TXC was 
made to start reading the FIFO. This way the FIFO was made to be read after 13+4 
= 17 cycles of CRS activation giving a latency of 4 cycles between read and write 
in the begining. The read data was compared with the generated preamble data in 
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MUX was given a select signal at the count of 20 to get the data of main data path. 
The count 20 was choosen randomly allowing the stabilisation of data at the input 
of output MUX. 

This way the generated preamble bits were driven out first hence the lost 
preamble bits were regained. 

3.4.3 Collision and Jam Signal G&neration 

3.4 .3.1 COLUSION DETECTION 

When the 10 M Hz signal is received at CLSN pair of ESI this asserts CRS low and 
CDT low. There is a provision that if NOOR of ESI is pulled high permanently only 
then CRS and CDT both will go low. If NOOR is pulled low then only CDT will go 
low. In our case NOOR was pulled high and CRS and CDT both the signals were 
used for JAM generation. 

3.432 JAM GENERATION AND OUTPUT 

(A) When collision signal is received at input of repeater: The low CDT 
Signal inhibits the selection of output MUX as in fig. 3.6. Due to the CRS 
going low the usual preamble generation starts and goes out to output MUX 
and then to out put ESI. As the selection is always set to zero due to low 
CDT only preamble bits as iOlOlO... keeps going to output ESI. If the 
CRS /CDT goes high after a few Msec even then the MUX is not selected for 
other input as SYSCRS then goes low and the selection is inhibited. The CDT 
of one side also activates the SYSCRS of other side as shown in block 
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Hence iOiOlOlO... goes as output to both the sides of repeater creating a 
JAM signal on the network. 

(B) When the repeater is outputing and at the same time transceiver gets 
data from other side: in this case the output of repeater when goes to 
transceiver and as usual loops back in it, the transceiver senses a collision 
and starts sending a collision to the other side of the repeater. This signal 
activates the CRS and CDT signal at the ESI of other side. This CDT signal 
inhibits the selection of output MUX at both sides and causes a JAM signal 
output to both sides. 

In our design this common CDT signal has been named as CDT(X) which is 
nothing but ANDing of both side CDTs. The generation of lOiOiO... stops at the 
count 98 and the whole system comes to a reset condition. 


3.4.4 Fragment Esstension 

If a very very short packet i.e., less than 96 bits is received then it is the duty 
of repeater to make it up for 96 bits. For this the count of 98 of the counter was 
used. The counter keeps counting upto 98 and then stops the counter and resets 
the flip flops so that the preamble generator stops generation. 

The care was taken with the SYSCRB signal which inhibits the selection of 
output MUX if CRS is pulled up due to a short packet. The MUX selection comes to 
10 and iOlOiOlO... are still transmitted to output ESI, thus compensating for rest 
of the 96 bits. The 98 count was accounted to keep the repeater output carry on 
for 9.8 jLtsec meeting the requirement of IEEE standard. 
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HARDWARE DETAILS 

4.1 DETAILS OF CIRCUIT 

The circuit was divided in following blocks as shown in fig. 4.1: 

1. System clock generation 

2. Input block 

3. Memory block 

4. Control block 

5. Preamble and Jam Generation 

6. Output block 

4.1.1 System Clock Generation 

A 20MHz crystel was used to fabricate one oscillator circuit as shown in fig. 4.2. 
The 20 MHz output of this circuit was fed to the XI input of each ESI chip ie, both 
sides of repeater. This 20 MHz is divided by two in the ESI and this 10 MHz clock 
was termed as system clock for each sides . This system clock is known as TXC of 
each sides, these are continuously runing clock as soon as the power to the 


repeater is on. 
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4.1.2 Input Block 

This is shown in fig. 4.3. The data is received at RCV pair of ESI chip. It gives 
out CRS low. This CRS low is given as reset input to a flipflop. 2. through an AND 
gate which has the other input as SYSCRS of other side so that if the data 
received is a loop back data of transmitted data from the same side> will inhibit 
this AND output and hence the flipflop will remain in reset condition causing no 
further move of CRS. This side ESI will keep transmitting until unless the SYSCRS 
of other side goes high. When the SYSCRS of the other side is high then CRS of 
this side goes further and the flipflop .2. latches to a high level. It is then 
inverted and ANDed with CDT(X), as CDT(X) is high if there is no collision sensed, 
then this low output of AND is shifted four times with the help of TXC clock in the 
shift register. It is also given 8 shifts and muxed. The output of MUX is known as 
SYSCRS. The same is inverted and known as SYSCRS. 

The data is decoded in NRZ form and catered for noise filteration as well 
as amplified in the ESI chip. 


4.1.3 Memory Block 

The RXD data is stable at the negative edge of RXC but to write in FIFO it should 
be stable at positive edge of clock so RXC was inverted and given to FIFO along 
with RXC. After 1300 nsec of CRS activation data was written in FIFO from zeroeth 
location onward. The details are shown in fig. 4.4. 

The same was read with TXC clock at the count of 13. The flip flop. 7. 
latched a high level at count 13 and so the AND gate was enabled and TXC clock 
was made to pass to FIFO after invention. 
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The FIFO has the main criteria that when reset input is going high the read 
and write clock should be positive. Hence these inventions in TXC and RXC solved 
this problem. 

Shift register 74Fi94 shifts the data by one clock cycle at QQ and by two 
clock cycles at Qi. The Qi data is compared with generated preamble data with the 
help of EX-OR gate and output is latched through flip flop .12. to select the 
correct phase of data to go out to output MUX. 

4.1.4 Control Block 

The control block is the heart of the repeater. It has folowing parts as shown in 
fig. 4.5: 

(1) Both the CDTs of these two ends are ANDed and output named as CDT(X) 
is fed to both side AND gates which is responsible to give the input to the 
counter. 

(2) The counter starts counting as soon as PL input to this is high due to 
SYSCRS, The low to high transition of SYSCRS latches the high level to PL 
and counter starts its operation with the help of TXC clock. 

(3) At count one the low to high transition latches the high level in flip 
flop. 13. which then goes as reset input to JK flipflop which then starts 
giving output as 101010... as half of the TXC clock making the same form of 
data like RXD. This output goes to output MUX. 

( 4 ) At count 13 data is read from FIFO. 
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(5) At count 16 the flipflop.9. latches a high level transition to another 
flip flop. 12. which then latches a level depending upon the output of EX-OR. 
This output of flip flop .12. then selects the MUX to get the in phase data 
from shift register. 

(6) At count 20 flip flop 16 latches a high level to the select input of 
output MUX and then data RXD goes out to the out put ESI. 

(7) At count 38 the counter itself resets and the flip flop .8. and 13. are 
also reset to stop the preamble generation further. 


4.1.5 Preamble And Jam Generation 

This block consists of one flip flop 74F74 and a JK flip flop 74F112 which are po- 
sitive and negative edge triggered respectively. The details are shown in fig. 4.6. 

At the count 1 of the counter the flip flop 13 latches high signal as reset 
to JK flip flop 15. Then the flip flop starts toggling at half the frequency of TXC 
and 101010... comes as output at QO of it. This data is treated as preamble or jam 
bits according to the control signals. 


4.1. G Output Block 

The output block consists of output MUX, a delay circuit and output ESI as shown 
in fig. 4.7. 

(1) Output WX is only flipping the path of generated preamble data to the 
main RXD path at count 20. 
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(2) The delay circuit gives a delay of about 25 nsec so that data RXD now 
TXD is stable at the negative going edge of TXC. Hence the ESI can further 
encode the data to manchester form. 

(3) Output ESI encodes the data to manchester form as well as restores a 
proper level for onward transmission. 

(4) The TEN signal should be low for data output at output ESI so SYSCRS 
is used as TEN signal after ANDing with latched output of 98 count. This 
helps in enabling the transmission in case of collision or fragment extension. 
As during normal valid data transfer the SYSCRS will be low till the full 
packet is passed over causing the TEN to be low. 

4.2 COMPLETE CIRCUIT AND TIMING DIAGRAMS 

The complete circuit details and the different timing diagrams are shown in figs 
4.8, 4.9, 4.10, 4.11 and 4.12. The fig 4.8 shows the data transfer from left to right 
and fig. 4.9 shows from right to left. These circuits were fabricated on only one 
wire wrap board. The oscillator circuit was common for both the circuits. The XI 
inputs of both the ESIs were given the output of oscillattor circuit of 20 MHz. 
figs. 4.10, 4.11 and 4.12 give the complete timing diagrams and delays of the 
repeater for one side operation. 
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PERFORMANCE AND CONCLUSION 

5.1 FABRICATION 

The circuit was fabricated block by block on a wire wrap board. On line checks 
were carried out to test the functions of each block. Firstly only the circuit for 
one direction was assembled. The circuit was tested by using slow clock and then 
operated at the specified clock of 10 MHz. The circuit for the other direction 
was subsequently assembled and integrated. The system was verified for 
functionality over the LAN Test Bed. 


5.2 THE TEST SET-UP AND THE PERFORMANCE CHECK 

The circuit was tested on a test set up as shown in fig. 5.1. Textronics TC 2000 
Protocol Analyser was used to monitor the output of Repeater. The Analyser 
collects all the packets available on the network and can be analysed for the size 
of the packets i.e., no of bytes, short packets and the errors in the packets such 
as CRC/ALLGN error or collision error. The input was given from a PC on which a 
test program was run over PC-IP (TCP/IP protocol for PC). The test program is a 
Local Area Network Traffic Generator (LTG) program which has been implemented 
recently under ERNET Project. The LTG program could be simulated with varying 
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packet sizes from 48 bytes to 1500 bytes and varying repetitive information bits. 
It also had the provision to vary the inter frame spacing starting from 9.6 u sec 
to infinity. The Repeater worked satisfactorily with no errors at different sizes 
of packets. The performance curve has been shown in fig. 5.2. The first curve 
shows the nature of the packet size and the packet rate at the output of the LTG. 
The second curve shows the nature of that at the output of the Repeater. It was 
observed that due to the limitations of the software in LTG, at the packets of low 
bytes only 6000 packets per second could be output from the PC instead of ideal 
16000 packets per second. But the packet rate at the input and the output of the 
Repeater remained same and there were no loss of packets in it during the 
packets transfer. Even no erroneous packets were received at the output of 
Repeater. 

Occurence of collision was also verified by enabling SQE switch of the 
Multiport transceiver unit. When SQE is enabled a collision test signal of 10 MHz 
for 5 to 15 bits time is generated at transceiver unit which causes the Repeater 
to send out 101010... for 96 times to both the sides. It was observed on a 275 
MHz oscilloscope. 

5.3 PERFORMANCE ON NETWORK 

The repeater was installed on the campus network as shown in the fig. 5.3. All 
network services on PC was found to be satisfactorily working on main network. 
The data transactions were without errors and delays. 
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5.4 SPECIFICATlOhlS OF REPEATER 

The specifications of this implemented Repeater can be given as follows: 


1. 

Length of preair^le bits 

Minimum 56 bits 

2. 

Packet start up delay 

7 Bits max. 


(In to out) 


3. 

Fragment extension 

To 96 Bits 

4. 

Collision and jam propagation 

7 Bits max. 


delay to jam output 


5. 

Power supply 

5Vdc and 15Vdc 

6. 

LEDs 

Indicating 


1. Power supply 

2. Input at port 1. 

3. Input at port 2. 

7. Connectors Two 15 pin female 

8. Cable Two AUI Ethernet 

9. Size ' 10"*i0"*3" 

10. The Transceiver units connected to this Repeater must be 

without SQE Test. 

5.5 CONCLUSION 

The repeater tmit has been fabricated on a wirewrap board as per the preceding 
chapters, conforms to the IEEE 802.3 standards. The design has been simplified 
urfiich was possible only due to the FIFO chip. The collision circuitory has also 
been simplified as hCOR pin of ESI was pulled high. 
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It was observed that as long as the frequencies of received clock and 
system generated clock of 10 MHz do not vary much the data transfer is smooth 
without any error. That is why the system clock was brought to a closer value of 
20 MHz i.e, 20.000677 MHz. 

It uses an expensive IK size FIFO due to non availability of a smaller size 
FIFO. It is suggested that a minor design changes using faster smalt FIFO 
preferably i bit wide and 16 bit deep be made. 

With the adjustment of clock frequency and fixing of components on a 
printed circuit board, this repeater can be a perfect working model and can be 
installed on main network. Even this wire wrap fabricated repeater unit behaved 
perfectly well on network. A power pack which can give 5 volt 1 amp dc as well as 
15 volt 300 m amp dc has to be placed along with the working model to give power 
to repeater unit as well as to the transceiver unit to which this is to be 
connected. 

This repeater unit can further be modified to work as a multiport repeater 
unit. For this a robust circuitory has to be developed for to and fro movement of 
data through all ports. 

This repeater unit can be made an intelligent repeater by using some 
central processing unit >#»ich will monitor the performance of it and on line 
information of packet size, packet rate, no of collisions in network, no of short 
packets etc can be seen on a small monitor. The same can be sent to some near by 
monitoring station too as a normal data packet for remote monitoring. 
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